The purpose of this study is to evaluate propeller safety using three-dimensional finite element method analysis software. We concluded that the propeller is safe for flying. Propeller is indispensable for generating the impellent force. Therefore, safety evaluation of propeller is necessary. The object of the analysis is a propeller for model airplane. The propeller material is carbon fiber reinforced plastics and there is a carbon cross in the one side surface of the propeller. Other parts are formed with resin. The forces acting on a propeller include centrifugal force, air resistance, and vibration by mass imbalance. We analyzed centrifugal force and air resistance in this study. We made analysis model of propeller by ANSYS. Results show, that the maximum principal stress due to centrifugal force was 23.0 MPa. In addition, the maximum principal stress due to aerodynamic force was 2.3 MPa, and the maximum principal stress due to both forces was 24.0 MPa.
Introduction


Model airplanes are enjoyed as a part of the hobbies of many people, from beginners to professionals. Some hobbyists who enjoy model airplanes attempt to increase the performance of their model airplanes. When a model airplane flies, a strong load acts on the propeller. The load of the airplane concentrates on the propeller in particular and the propeller is exposed to complicated stress states. Above all, air resistance and the centrifugal force contribute to stress on the propeller. The propeller is important for the model airplane to produce driving force. Therefore, the propeller needs a margin safety. In this study, we performed a stress analysis of a propeller used by a pylon race competition model airplane. Fig. 1 shows photograph of the propeller in this study, and Table 1 shows propeller specifications.
Analysis Object
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This propeller was developed for a prototype model airplane for pylon racing F3D class [1] . The propeller which is connected directly to the reciprocating engine during the flight competition rotates at 30000 rpm. The propeller supports a remarkable load from centrifugal force and aerodynamic force. Mount hole diameter of the propeller is a taper hole of 8mm and the section of the wing is twisted. The propeller is made of CFRP (carbon fiber reinforced plastic) and there is a carbon cross of the plain weave in the one side surface. The fiber direction of the carbon cloth has on angle of 45 degrees radially of the wing. Table 2 . 
The Aerodynamic Force
We calculated aerodynamic force under conditions shown in Table 3 . This propeller rotates at 30,000 rpm and the progress velocity of the model airplane is 75.8 m/s. This velocity is the record for a competition model aircraft in Japan. We combined the rotational velocity of the propeller with the progress velocity of the airplane to determine synthetic velocity.
We calculated the lift coefficient and drag
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261 coefficient using software "Wingflow" from the Flow science [3] . This software calculates lift and drag when we input flow velocity and angle of attack into this software. The propeller wing shape resembles the wing shape of "Clark Y" defined in the software. Therefore, we were able to use this software for analysis. However, the size is greatly different. Thus, we applied a Reynolds's law of similarity. When this law executes, drag coefficient and a lift coefficient take the same value each. Therefore, we found a Reynolds number in each section of the propeller using by next formula. In addition, Fig. 3 shows wing shape of "Clark Y" of the software.
We decided velocity to input into software than Reynolds number that we found. In addition, we found the angle of attack as synthetic velocity direction and a relative angle with the torsion angles of the propeller. We input those values softly and demanded lift and drag and we calculated a drag coefficient and a lift coefficient by Eqs. (1) and (2) . We calculated lift and drag than those coefficients again and we assumed those resultant force aerodynamic force. Fig. 4 shows various forces that we calculated them at 1 mm intervals. Lift and the aerodynamic force change in approximately similar form, and both begin 
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to decrease from the area beyond 70 mm from the pivot point. The maxim aerodynamic force calculated by the software was 1.7 N, which was observed on the position of 70 mm from the axis of rotation. The volume of drag was smaller than lift, but it had a symmetric shape. 
Material Properties
Stress Analysis
We used the general-purpose nonlinear finite element method analysis software (ANSYS WorkBench; CYBERNET SYSTEM Co. Ltd.) for the analysis. Fig. 6 shows the analysis model of the propeller. The element types of the model are tetrahedral and the element has 10 nodes. The length of the element is 2 mm. We restricted any movement at the symmetry plane of the model for the analysis and we set the displacement 0 mm.
We analyzed centrifugal force, aerodynamic force, 
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and both types of force working simultaneously. Fig. 7 shows maximum principal stress by centrifugal force. Fig. 8 shows maximum principal stress by aerodynamic force. Fig. 9 shows maximum principal stress by both type of force working simultaneously. Carbon fiber is installed on the surface of each figure on the left. The surface of the right figures is made up of resin. The left side picture in Fig.7 shows the maximum principal stress of 23.0 MPa that was generated on the left side of the propeller. Likewise, Fig. 8 generated on the left side of the propeller. Fig. 9 shows maximum principal stress was 24.0 MPa. It occurs on the left side surface of the propeller.
From the analysis results, effect due to the centrifugal force is greater than the aerodynamic force. Therefore, 24.0 MPa was elicited as the final maximum principal stress. Since we know that the fracture stress of this propeller is approximately 120 MPa from the results of the tensile test, the value of 5 was obtained as the safety factor under this condition. In order for FRP materials to be used safely for variable load, such as a model airplane, the value of 4 or more is required for safety factor [4] . Thus, the result indicates the propeller is safe for the model airplane.
Conclusions
The purpose of this study is to evaluate propeller safety using three-dimensional finite element method analysis software. Results of this study are as follows;
The aerodynamic force calculated by the software was 1.7 N, which was observed on the position of 70 mm from the axis of rotation. The maximum principal stress analyzed by ANSYS WorkBench was 24.0 MPa, which was observed on the surface of the propeller on the side of the carbon fiber. The data comparison between the centrifugal force and the aerodynamic force revealed that the centrifugal force was greater in load than the aerodynamic force.
